This study aimed to demonstrate efficiency of documented index method "universal water quality index-UWQI" to evaluate surface water quality and investigate seasonal and temporal changes, in the case of Gediz River Basin Turkey. UWQI expressed results relative to levels according to criteria specified in European legislation (75-440 EEC). The method produced a unitless number ranging from 1 to 100 and a higher number was indicator of better water quality. Water quality is classified into five classes and index scores between 95-100 represent excellent and lower than 24 represent poor quality. In the study, dissolved oxygen-DO, pH, mercury-Hg, cadmium-Cd, total phosphorus-TP, biochemical oxygen demand-BOD and nitrate nitrogen-NO3-N have been chosen as index determinants. Samples analyzed for these variables were collected from five stations on monthly basis along two years. Based on UWQI classification scheme, water quality at sampling stations had scores below 40 and assigned to "marginal" which is between fair and poor quality class. On the other hand sub-indices of water quality determinants showed seasonal differences for some parameters. Cd concentrations were higher in "high flow" and lower values were observed in "low flow" periods. This was explained by negative impact of urban runoff on water quality. On the other hand DO concentrations were higher in "high flow" period. Under "low flow" conditions water quality at upstream stations (where the industrial density is low) was comparably better than downstream part. The study showed that index approach can be efficient tool to: a) evaluate water quality, b) investigate spatial and seasonal variations and finally, c) extract required information from complex data sets that is understandable by non-technical people.
Introduction
Water quality assessment provides to understand whether water quality conditions are getting better or worse over time; and how natural features and human activities affect those conditions. Water quality is defined in terms of its physical, chemical and biological parameters. Traditional assessment methods are based on the comparison of experimentally determined parameter values with the existing guidelines but in many cases it does not readily give a information on status of the source. Water quality index (WQI) method aims to give an index score to the water quality of a source by translating the list of constituents and their concentrations present in a sample into a single value. In other words the indices are composite representations of a condition or situation derived from a combination, done in certain ways, of several relevant but noncommensurate observed measurements. The index number could be understandable, useful to technical and policy individuals as well as the general public who are interested in the water quality results and not expected to understand "raw" environmental data or some technical calculations etc. This is particularly important in reporting the state of the environment [1] [2] [3] [4] [5] [6] [7] .
The use of a WQI was initially proposed by Horton in 1965 [8] and since then, a great deal of consideration has been given to the development of methods. The main objective was to provide a tool for simplifying the reporting of water quality data in various countries ie United States, Canada, Malaysia etc. These indices assess the appropriateness of water quality for a variety of uses. As the approaches and policy objectives differ for different countries they were developed as a specific tool for each authority [9] [10] [11] [12] [13] [14] [15] [16] .
In the study applicability of Universal Water Quality Index (WQI) developed by Boyacioglu [16] by referencing European standard has been demonstrated in the case of Gediz River Basin. The objective was to: a) find out the relative relationship between the reference standards and water quality b) investigate seasonal and spatial differences in terms of quality and c) extract required information from complex data sets that is understandable by non-technical people.
Study area
Gediz Basin is located in the west of Turkey. Gediz River flows from east to west into the Aegean See just north of Izmir. The river is about 401 km long and drains an area of 17500 sq km as shown in Figure 1 [17] . The major problems regarding water quality in the region are eutrophication and oxygen depletion due to point (industrial and domestic) and diffuse sources (drainage from agricultural & forest areas, and uncontrolled discharges) [18] . Inspite of quality problems observed in some parts, this study results will be used to test whether the water can be used for human consumption or not in the studied area especially in the upstream part where industrial density is relatively low.
Study method
Universal Water Quality Index-UWQI was designed to reflect appropriateness of quality of surface water source used for drinking water supply. The development of UWQI was started with the selection of variables that influence surface water quality. Twelve water quality parameters including cadmium, cyanide, mercury, selenium, arsenic, fluoride, nitrate-nitrogen, dissolved oxygen, biochemical oxygen demand, phosphorus, pH and total coliform were considered as the significant indicator parameters of UWQI to assess surface water sources [16] . Sub-index values were determined using mathematical expressions, which were given at Table 1 to assign each parameter a value between 0 and 100. Sub-index functions were determined based on "the quality required of surface water intended for the abstraction of drinking water in the Member States-75/440/EEC" [19] set by the Council of the European Communities and "Turkish Water Pollution Control Regulation" [20] . Table 1 Mathematical equations formulated for UWQI [16] Variable Range Sub-index function According to EC legislation (75/440/EEC), water quality of surface waters intended for the abstraction of drinking water is classified into three groups. For each class the treatment level required to transform surface water into drinking water is different. Turkish WPCR also has quite a similar categorisation scheme, the main difference being that a Category IV is added to the Turkish standard water quality parameters, in which the values exceed those set for Category III.
Rates assigned to each of these variables considering health and ecological effects were presented in Table 2 . Weighted sum method was employed to get overall index value using weights: Weight factor for a parameter was determined by dividing rate of this parameter into sum of rates of index determinants used for the index calculation [16] .
The proposed UWQI index categorization schema was given in Table 3 . In the study efficiency of the method was demonstrated in the case of Gediz River Basin Turkey. In this scope samples taken from five stations on monthly basis along two years and analyzed for DO, pH, Hg, Cd, TP, BOD and NO 3 -N variables were chosen as index determinants. Suitability of the quality was examined and spatial seasonal variations in quality was also investigated.
Results and discussion

Spatial variations in water quality
UWQI method was used to investigate spatial variations in the region by examining index values at monitoring sites. In this scope the sub-index values were assigned to variables based on median values of each data set comprising all the sampling period.
Overall index values were determined using mathematical equations and parameter weights were presented in Tables 1 and 2 . Weighted sum method was used for the calculations. Results presented in Table 4 showed that Station D had better quality compared with the other sites. On the other hand, despite of spatial differences, water quality index scores were lower than "40" in all locations (see Fig. 2 ). In other words water quality was marginal as described by UWQI categorization scheme. Moreover, Hg, Cd, TP and BOD were the parameters having risk with high concentrations (low index scores).
Seasonal variations in water quality
In the study to investigate seasonal variations in water quality, data sets were divided into two flow periods as "high flow" and "low flow". Median values of discharges observed along the study period (see Table 5 ) were the basis for this classification. Discharges lower than median values were assigned to "low flow" and higher values to "high flow period". Index values calculated for each station for two flow periods indicated that under "low flow" conditions water quality at upstream stations was comparably better than downstream part (see Fig. 3 ). Moreover sub-index values assigned to each variable presented in Tables 6  and 7 showed that Cd and DO created seasonal differences. In contrast to high DO scores, Cd has lower index values in "high flow" period. Low scores (in other words high Cd concentrations) in high flow period were explained by effect of discharges from diffuse sources on surface water quality. This finding was in parallel to the research which reported that a large proportion of the cadmium load in the aquatic environment was due to diffuse pollution originating from many different sources rather than from point sources [21] . On the other hand low sub-index values for TP, BOD and Hg in both seasons were indicator of discharges from residential areas and industrial facilities.
Conclusions
Public and non-technical people need to know whether quality of waterbody is adequate/sufficient to support designated uses. Water quality index approach can meet this expectation by converting complex data sets into unitless index scores and assign these values to category formed based on the referenced criteria. In the study, surface water quality was evaluated and seasonal and temporal changes were investigated, in the case of Gediz River Basin Turkey using documented method "Universal Water Quality Index". Samples taken from five stations and analyzed for DO pH, Hg, Cd, TP, BOD and NO 3 -N variables were chosen as index determinants. Results showed that water quality was marginal in the basin. Under low flow conditions water quality at upstream stations (where the industrial density is low) was comparably better than downstream part. DO and Cd were the variables creating difference between two seasons. High Cd concentrations in "high flow" period were explained by impact of urban run-off. On the other hand, low index values for TP, BOD and Hg through year was indicator of influence from industrial and domestic discharges. This study showed that index method is a useful tool to extract information on relative relationship between the reference standards and water quality conditions. Moreover spatial and temporal changes can also be investigated by translating complex data set into information that is understandable by non-technical people.
